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1.  BACKGROUND  TO  THE  PROBLEM 

There  has  long  existed  substantial  interest  in  high  muzzle 
velocities  for  academic  as  well  as  indirect  and  direct  military 
exploitation.  The  literature  abounds  with  references  on  the 
subject1-7.  Many  recent  discussions  focus  on  electric  gun 
propulsion  alternatives  (e.g.,  rail  gun,  coil  gun,  electrothermal 
gun)  ,  most  of  which  are  purported  to  circumvent  the  upper 
velocity  limitations  of  '2-3  km/s  using  chemical  propulsion. 
While  a  complete  discussion  of  this  topic  is  outside  the  scope  of 
this  paper,  the  point  may  be  made,  from  a  military  point  of  view, 
that  both  the  payoffs  and  the  system  burdens  of  very  high 
velocities  must  be  carefully  scrutinized  when  considering  the 
practicality  of  any  of  the  available  concepts,  be  they  chemical 
or  electric.  The  real  concern  will  likely  be  high  system  weights 
associated  with  heavy-walled  tubes  to  support  the  high  pressures 
needed  for  conventional  concepts  versus  currently  excessive 
weights  associated  with  power  generation  (and  perhaps  cooling) 
for  electric  gun  concepts. 

Muzzle  velocities  as  high  as  3950  m/s  have  been  achieved  by 
Baldini  et  al8  using  solid  propellant  guns,  though  admittedly  at 
C/M's  and  pressures  too  high  for  practical  military  use.  The 
current  study,  however,  addresses  a  somewhat  lower  but  clearly 
interesting  ballistic  level  with  potentially  acceptable  system 
burdens.  The  goal  was  to  measure  experimentally  the  pressure 
gradient  in  a  solid  propellant  gun  firing  at  velocities  in  the  2 
to  2.5  Km/s  range.  A  120-mm,  Ballistic  Tube  was  available  for 
use  in  this  study. •  Unfortunately,  existing  projectile  onboard 
instrumentation/telemetry  packages  would  not  withstand  the  high- 
acceleration  environment  (*100  kg's),  so  determination  of  the 
pressure  gradient  had  to  be  made  using  pressure  gages  mounted  at 
discrete  locations  in  the  tube  sidewall.  Preliminary 
calculations  using  a  standard  lumped-parameter  interior 
ballistics  code  suggested  that  use  of  a  19-perf orated  JA2 
propellant  at  a  charge  weight  of  about  9  kg  would  launch  a  3  kg 
projectile  to  a  velocity  in  the  region  of  interest  at  an 
acceptable  pressure  (well  under  the  '700  MPa  pressure  limit  for 
the  tube).  Thus,  results  from  this  study  would  be  potentially 
useful  both  to  the  modeling  community  and  to  the  community  more 
directly  interested  in  any  growth  potential  for  the  performance 
of  solid  propellant  guns. 

2.  TESTING 

2 . 1  Description  of  Components . 

All  testing  was  conducted  at  the  Sandy  Point  Firing 
Facility  (Range  18)  located  at  the  Ballistic  Research  Laboratory 
(BRL) ,  Aberdeen  Proving  Ground,  Maryland.  A  120-mm,  Ballistic 
Tube  with  6276  mm  of  inbore  travel  (1524  mm  more  than  the 
standard  120-mm,  M256  Tube)  was  used  for  all  firings.  An  M174 
Recoil  Mechanism  in  conjunction  with  the  upper  carriage  from  a 
155-mrn,  M59  Gun  was  used  to  mount  the  APG  Medium  B  Sleigh  which 
housed  the  cannon. 
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The  gun  tube  was  instrumented  with  five  Kistler  6211 
pressure  gages  in  the  chamber.  As  measured  from  the  rear  face  of 
the  tube,  there  were  two  each,  100  degrees  apart  at  95  mm,  one 
at  286  mm  (midchamber)  and  two  each,  70  degrees  apart  at  489  mm. 
Gage  redundancy  at  the  breech  and  forward  chamber  positions  was 
incorporated  into  the  cannon  because  of  the  possibility  of 
losing  a  gage  and  thereby  data  at  the  high  pressures  expected  for 
these  firings.  To  measure  pressure  at  discrete  downtube 
locations,  nine  gages  were  located  at  768  mm,  1048  mm,  153 J  mm, 
2292  mm,  3054  mm,  3816  mm,  4578  mm,  5340  mm  and  6102  mm.  A 
schematic  of  gage  locations  in  the  Ballistic  Tube  is  shown  in 
Figure  1, 


Figure  l.  Location  of  Pressure  Transducers  in  the 
12Q--ML  Ballistic  Tube. 

Projectile  displacement  was  determined  by  using  a  15-GHz 
doppler  radar  to  measure  projectile  motion  both  within  and  10 
meters  beyond  the  gun  muzzle.  Projectile  muzzle  velocity  was 
calculated  using  the  doppler  radar-time  profile  with  a  known  time 
interval  just  after  the  projectile  exited  the  gun  tube. 
From  the  Weibel  radar,  both  downrange  velocity-time  profiles  and 
muzzle  velocity,  calculated  from  the  profiles,  were  determined 
using  system-resident  Weibel  software.  Ignition  delay  was 
measured  in  reference  to  the  application  of  the  firing  voltage  to 
the  XM123  electrical  primer.  Generally,  the  data  were  recorded 
in  real  time  by  the  Ballistic  Data  Acquisition  System  (BALDAS) 
under  the  control  of  a  PDP  11/4  5  minicomputer.  If  the  data  were 
not  recorded  online  because  of  some  unusual  ignition  delay  or 
computer  malfunction,  they  were  later  digitized  from  an  analog 
tape  recording  made  of  each  test  firing. 

Two  Photec  high-speed  cameras  and  one  smear  camera  were  used 
to  record  both  the  inbore  and  initial  free  flight  of  the 
projectiles  during  and  after  the  firing  cycle.  The  schematic 
layout  of  the  firing  barricade,  depicted  in  Figure  2,  shows  the 
positions  of  the  three  cameras,  the  inbore  and  downrange  doppler 
units  and  the  reflector  medium  for  both  the  inbore  doppler  and 
inbore  photography.  Inbore  camera  coverage  was  compromised 
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somewhat  since  the  mirror  used  to  reflect  the  inbore  position  of 
the  projectile  to  the  camera  lens  was  supported  on  the  doppler 
Echosorb  reflecting  panel.  Primary  concern  was  in  optimizirg  the 
doppler  signal  from  the  projectile  to  the  doppler  unit  so  tnat 
accurate  muzzle  velocities  could  be  calculated.  The  downrange 
cameras  were  employed  to  determine  if  unburned  propellant  was 
expelled  from  the  cannon  and  to  confirm  projectile  survivability 
after  launch  through  the  high  acceleration  environment. 


DOWNRANGE 


120mm,  XM25 


PHOTEC 

CAMERA 


SMEAR 

CAMERA 


INBORE  DOPPLER 


PHOTEC 

CAMERA 


Figure  2.  Schematic  Layout  si  Firing  Barricade. 

Several  projectile  configurations  were  used  during  the 
course  of  this  program;  the  initial  design,  shown  in  Figure  3, 
employed  a  Polypropolux  plastic.  This  choice  of  material 
provided  an  inexpensive  approach  to  meeting  the  projectile  low 
weight  requirement  as  well  as  incorporating  a  standard  obturator 
configuration  into  the  projectile  design.  A  steel  pusher  plate 
was  bolted  to  the  base  of  the  projectile  to  protect  the  plastic 
material  from  the  propellant  gases  during  inbore  travel;  an 


The  propelling  charge  employed  the  conventional  JA2 
formulation  used  in  the  120-mm  tank  gun;  the  propellant 
configuration,  however,  was  a  high  progressivity/high  density 
(HPD)  concept  known  as  partially  cut  (PC)  stick  propellant 
(Figure  4) .  Use  of  nearly  any  stick  geometry  results  in  a  higher 
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loading  density  and  provides  natural  flow  channels  to  minimize 
pressure  gradients  within  the  charge  during  flamespread. 
However,  the  use  of  the  traditional,  slotted-stick  geometry 
(Figure  4,  left)  provides  a  slightly  regressive  burning  profile, 
not  allowing  efficient  use  of  the  higher  loadable  charge  weight. 
Unslotted  stick  configurations,  usually  necessary  for  more 
progressive,  mult iperf orated  geometries,  suffer  from  problems 
with  overpressurization  within  the  perforation,  stick  fracture, 
and  erratic  performance8.  The  PC  configuration  circumvents  this 
problem  by  providing  lateral  venting  of  the  perforations  at  the 
required  spacing  to  avoid  pressure  buildup  (Figure  4,  right). 
Very  likely,  the  sticks  separate  into  short  segments  sometime 
early  in  the  interior  ballistic  cycle,  but  all  testing  to  date 
indicates  that  this  occurs  after  flamespreading  is  complete, 
thereby  not  compromising  the  high  longitudinal  permeability 
required  for  use  of  a  simple  base  ignition  system. 

The  overall  stick/sheet  charge  is  shown  in  Figure  5  along 
with  the  standard  120-mm  combustible  cartridge  case  and  ignition 
system  consisting  of  the  XM123  stub  primer  surrounded  by  a  cloth 
donut  containing  100  g  of  Class  1  black  powder.  Although  not 
indicated  on  the  schematic,  the  sheet  propellant  was  placed 
around  the  cylindrical  rear  section  of  partially-cut  stick 
propellant  as  noted  by  the  two  areas  of  small  rectangles  just  in 
from  of  the  black  powder  doughnut.  Further  details  of  the  gun, 
projectile,  and  charge  are  tabulated  in  Table  1. 


STUB  BASE  COMBUSTIBLE  CASE  PROOF  SLUG 


Figure  5.  Overall  Charge  configuration. 
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Table  1.  Gun,  Projectile  and  Charge  Characteristics. 

Testing  Characteristics  Charge  Number 

Order 

12345* 

Gun  Caliber  ( - 120-mm - ) 

Inbore  Travel  ( -  627  6  mm - ) 

A.  First  Phase  Testing 

Chamber  Volume  ( -  9830  ml - ) 


Projectile 

Weight  (kg) 

3.081 

3.081 

3.081 

3.076 

3.081 

Stick 

Weight  (kg) 

7.523 

8.222 

8.274 

8.231 

8.346 

Sheet 

Weight  (kg) ** *** 

0.649 

0.399 

0.583 

0.848 

0.964 

Total  Charge 
Weight  (kg) 

8.172 

8.621 

8.857 

9.079 

9.310 

C/M  Ratio 

2.65 

2.80 

2.87 

2.95 

3.02* 

B.  Second  Phase  Testing 

Chamber  Volume 

(  —  10305 

i  ml — ) 

Projectile 

Weight  (kg) 

3.073 

3.072 

Stick 

Weight  (kg) 

8.680 

8.805 

Sheet 

Weight  (kg) 

1.273** 

1.177* 

** 

Total  Charge 
Weight  (kg) 

9.953* 

9.982* 

C/M  Ratio 

3.24* 

3.25* 

Experimental  rounds  whose 

average 

pressure  and 

velocity 

were 

compared  with  XNOVAKTC  computer  simulations.  Stick  propellant 
web  was  1.82  mm  (RAD-792-38) 

**Sheet  propellant  thickness  was  1.3  mm  (RAD-792-29A) 

***Sheet  propellant  thickness  was  3  mm  (RAD-792-29B) 
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2.2  First  Phase  Firing  Results  and  Cgmpflrifiqn  with 

Sinmafeifina- 

The  first  test  series  was  intended  to  be  a  charge  assessment 
and  confirmation  of  projectile  integrity.  Results  for  all  the 
firings  are  listed  in  Table  2. 

Table  2.  Experimental  Firing  Results  for  Polypropolux 
Cartridges,  First  Phase  Firing  Series. 


Round 

No. 

Charge  Wt 

(^g) 

Projectile  Wt 
(kg) 

C/M 

Pressure 

(MPa) 

Velocity 

(m/s) 

1 

8.172 

3.081 

2.65 

405 

2057 

2 

8.621 

3.081 

2.80 

491 

2190 

3 

8.857 

3.081 

2.87 

530 

2237 

4 

9.079 

3.078 

2.95 

569 

2279 

5 

9.310 

3.081 

3.02 

610 

2331 

A  summary  of  firing  results  for  the  C/M  of  3.02,  along  with 
simulations  provided  by  the  standard n I BHVG2  lumped-parameter 
code9,  the  XNOVAKTC  two-phase  flow  code10,  and  IBRGA,  a  modified 
lumped-parameter  code11  including  a  new  pressure  gradient  to 
account  for  the  effects  of  chambrage  and  the  existence  of  both 
two-phase  and  single-phase  regions  of  flow,  is  provided  in  Table 
3.  For  these  initial  simulations,  input  data  were  based  on 
parameters  shown  above  in  Table  1;  in  addition,  for  all  but  the 
last  line  of  simulated  performance  data,  values  for  bore 
resistance  were  based  on  earlier  measurements  provided  by  onboard 
pressure  and  acceleration  measurements  using  a  special  120-mm 
slug  projectile  (Figure  6). 


Table  3.  Experimental  and  Simulated  Data  for  a 
Polypropolux  Cartridge  with  a  C/M  of  3.02. 


Type  of  Data 


Breech 

Pressure 


(MPa) 


Muzzle 

Velocity 

(m/s) 


Proj  Travel  at 
Peak  Pressure 
(mm) 


Ballistic  Cannon,  Experimental 


610 

2311 

-1000 

IBHVG2  Simulation 

692 

2431 

404 

IBRGA 

543 

2280 

457 

XNOVAKTC 

549 

2378 

1295 

XNOVAKTC  +  air  shock 

550 

2345 

1295 

XNOVAKTC  +  air  shock 

615 

2307 

1143 

+  high  resistance 
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04  04  1.0  14  10  24  10  34  4.0  44  10 

INBORE  TRAVEL  (M) 


Experimentally  Measured 


Hypothetically  Assumed 


Figure  6. 


Bore 


Versus  Displacement  Profile. 


Experimental  results  disclosed  that  the  maximum  loadable 
charge  mass  of  9.31  kg  yielded  acceptable  maximum  chamber 
pressures,  the  value  of  about  610  MPa  falling  closer  to  the 
prediction  of  IBHVG2  than  that  of  XNOVAKTC;  however,  the  measured 
velocity  was  considerably  lower  than  that  predicted  by  either 
code.  The  modified  lumped-parameter  code  (IBRGA)  yielded  pressure 
results  closer  to  those  of  XNOVAKTC. 

Several  after-the-fact  simulations  with  XNOVAKTC  were 
performed  to  probe  the  influence  of  particular  inputs  which  might 
have  been  in  error.  An  arbitrary  increase  in  burning  rate 
coefficient  to  match  the  observed  peak  pressure  for  the  9.31  kg 
charge  overpredicted  the  observed  muzzle  velocity  by  115  m/s. 
The  resistance  to  projectile  motion  resulting  from  the  air  ahead 
of  the  projectile  (air  shock)  is  not  accounted  for  in  the  baric 
XNOVAKTC  code;  however,  the  traveling  charge  option  does  allow 
for  this  effect.  After  the  data  base  was  modified  to  run  as  a 
traveling  charge  with  no  traveling  charge  (booster  charge  only) , 
computer  runs  were  made  with  the  air  shock  option  both  turned  on 
and  off.  The  effect  was  negligible  on  peak  pressure  (projectile 
velocity  still  relatively  low  at  that  point) ,  while  the  velocity 
loss  from  the  added  resistance  was  predicted  to  be  about  33  m/s 
(see  Table  3) .  All  subsequent  calculations  employed  this  option 
of  the  code. 

One  of  the  major  concerns  from  the  first  firing  series  had 
been  projectile  integrity.  Smear  photographs  (Figure  7)  revealed 
no  sign  of  breakup  though  the  hydrostatic  behavior  of  the 
material,  possibly  indicated  by  the  flaring  at  the  front  end  of 
the  slug  to  relieve  the  stress  as  the  projectile  exited  the  tube, 
could  have  significantly  influenced  bore  resistance  and  thus 
further  reduced  muzzle  velocity  from  the  predicted  level.  An 
alternate  bore  resistance  profile,  also  shown  in  Figure  6,  was 
arbitrarily  defined  to  approximate  both  the  observed  peak 
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pressure  and  muzzle  velocity  for  the  9.31  kg  charge.  While  it  is 
unclear  whether  such  a  profile  is  possible  for  this  material,  the 
potential  effect  was  clearly  defined  (Table  3) . 


Figure  7.  S.mear  Photograph  sX  Projectile. 


2.3  Reconfiguration  of  Projectile. 

Since,  in  the  first  phase  of  testing,  there  was  some 
question  concerning  the  influence  of  the  Polypropolux  material  on 
the  bore  resistance  and  thus  on  muzzle  velocity,  an  aluminum 
slug,  similar  in  shape  to  proof  slugs  used  in  firings  in  the 
standard  120-mm,  M256  Cannon  at  the  BRL,  was  redesigned  for  use 
in  the  second  phase  of  testing.  A  schematic  of  the  projectile 
is  shown  in  Figure  8.  The  resistance  profile  for  a  rigid  metal 


Figure  8.  Aluminum  Proof  Slug  Configuration. 


projectile  using  a  nylon  obturator  has  been  well  defined  from 
firings  in  the  standard  120-mn  gun.  Assuming  the  auoh  higher  C/M 
of  the  current  cartridge  (Table  1)  does  not  alter  this  profile 
(Figure  6) ,  results  for  the  second  phase  of  tests  were  expected 
to  show  better  agreement  between  the  experimental  and  simulated 
data.  unfortunately,  in  order  to  duplicate  the  weight  of  the 
plastic  projectiles,  two  cylindrical  sections  of  aluminum  had  to 
be  removed  from  the  projectile  base,  increasing  the  initial 
chamber  volume  of  the  cartridge  by  0.475  liters. 

2.4  sacanfl  Phase  Elrinq  Results  ana  Comparison  with 
Simulations. 

A  summary  of  the  firing  results  for  the  two  cartridges  using 
the  aluminum  proof  slugs  along  with  the  simulations  done  with  the 
various  codes  are  shown  in  Table  4. 

Table  4.  Experimental  and  Simu',''ted  Data  for 
Aluminum  Cartridges  with  a  C  .  of  3.24. 


Type  of  Data 


Breech 

Pressure 

(MPa) 


Muzzle 

Velocity 

(m/s) 


Proj  Travel  at 
Peak  Pressure 
(mm) 


Ballistic  Cannon,  Experimental 


Round  1 

734 

2455 

-1000 

Round  2 

809 

2499 

-1000 

Average 

776 

2477 

-1000 

IBHVG2  Simulation 

945 

2607 

371 

IBRGA 

720 

2435 

439 

XNOVAKTC 

— 

— 

— 

XNOVAKTC  +  air  shock 

709 

2518 

1219 

XNOVAKTC  +  air  shock 

776 

2467 

1118 

+  high  resistance 


3 .  DISCUSSION 

3.1  analysis  o£  Data. 

Since  only  the  final  XNOVAKTC  simulation,  using  the 
increased  bore  resistance  profile  and  including  the  effect  of  air 
compression  ahead  of  the  projectile,  showed  any  success  in 
simulating  actual  firing  data,  attention  to  date  has  focused  on  a 
detailed  comparison  of  theory  to  experiment  using  this  model. 
Figure  9  presents  available  experimental  pressure-time  curves  for 
Round  5  of  the  initial  firing  series,  while  Figure  10  presents 
simulated  pressure-time  data  for  the  firing. 
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Figure  9.  Experimental  Pressure-Time  Curves  1 
Round  5.  Ql  First  Phase  Firing  Series- 


Figure  io.  xnovaktc  simulation  oi  Pressure-Time 
for  Round  5.  Ql  First  Phase  Firing  Series  - 
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We  remind  the  reader  that  overall  agreement  in  peak  breech 
pressure  was  forced  by  manipulation  of  the  bore  resistance 
profile;  however,  all  other  features  of  the  simulation  follow 
from  the  hydrodynamics  of  the  simulation  without  adjustment. 
We  note  first  that  the  simulation  of  the  relationship  between 
breech  and  forward  chamber  pressures  is  quite  good,  capturing 
both  the  small  reverse  pressure  gradient  associated  with  the 
flameapreading  event  and  the  approximate  magnitude  of  the  more 
classical  pressure  gradient  at  the  time  of  peak  pressure. 
Moreover,  the  comparison  of  projectile  travel,  as  inferred  from 
passage  of  the  various  downbore  pressure’  gages,  appears  to  be 
excellent  prior  to  peak  pressure.  However,  the  simulated  event 
proceeds  at  a  slower  rate,  and,  while  the  difference  in  shape  of 
corresponding  breech  curves  somewhat  clouds  this  issue  of  timing, 
it  is  quite  clear  from  projectile  arrival  times  that  reality  is 
ahead  of  the  simulation  by  approximately  0.2  ms  when  the 
projectile  reaches  the  gage  at  2292  mm. 

This  disparity  between  the  observed  and  simulated  projectile 
travel  versus  time,  although  not  discernible  because  of  the 
scaling,  is  shown  plotted  in  Figure  11.  It  is  interesting  to 
note,  however,  that  this  same  data  suggest  that  projectile  travel 
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at  peak  pressure  is  about  1000  mm,  somewhat  behind  that  of  the 
simulation  but  far  greater  than  values  predicted  by  the  lumped* 
parameter  codes.  Actual  acceleration  after  peak  pressure, 
however,  appears  to  exceed  that  simulated,  leading  to  the 
acceptable  match  in  muzzle  velocity. 

Plots  of  ratios  of  breech  pressure  to  base  pressure  as  a 
function  of  travel  for  IBHVG2  code/Piddick-Kent  gradient,  IBRGA 
code/chambrage  gradient,  XNOVAKTC  code  with  two  different  options 
and  for  experimental  data  are  shown  plotted  in  Figure  12.  Since 
IBHVG2  has  a  gradient  that  assumes  a  constant  ratio  between 
breech  and  base  pressure,  the  straight  line  generated  from  this 
code  is  neither  unexpected  nor  does  it  model  the  experimental 
data.  Both  the  IBRGA  code  with  its  chambrage  gradient  and 
XNOVAKTC  code,  which  includes  the  effects  of  chambrage  as  well 
as  f lamespreading  and  intergranular  stress,  show  much  closer 
agreement  to  the  experimental  data.  The  fact  that  the  simulated 
curves  have  assumed  the  general  shape  of  the  experimental  data  is 
indicative  that  the  major  interior  ballistic  parameters  have  been 
modeled  even  though  absolute  agreement  has  not  been  achieved. 


Figure  12.  Code-Calculated  and  Experimental  Breqch/Base  Pressure 

Rfltlfl  yergug  Travel  Curves. 

Figures  13  and  14  display  experimental  pressure-time  curves 
for  the  two  firings  conducted  using  aluminum  slugs.  While 
propellant  loading  was  not  identical  for  the  two  rounds  (a 
difference  in  the  quantity  and  dimensions  of  the  small  amount  of 
sheet  stock  used  to  supplement  the  stick  propellant  to  achieve 
maximum  loading  density) ,  it  is  unclear  whether  this  was  enough 
to  account  for  the  observed  difference  in  performance.  No 
attempt  was  made  to  model  the  difference  (the  total  charge  was 
assumed  to  be  stick  propellant) ;  however,  use  of  the  resistance 
profile  arbitrarily  determined  to  match  Round  5  of  the  initial 
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Figure  16.  fix 
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All  of  the  earlier  comments  pertaining  to  Round  5  apply 
equally  well  to  these  rounds.  No  significant  change  appears  to 
have  resulted  from  use  of  the  aluminum  round,  for  which  use  of 
the  high  resistance  profile  has  little  motivation.  Certainly, 
some  continued  juggling  of  inputs  (e.g.,  higher  low-pressure 
burning  rates  to  speed  up  the  early  part  of  the  cycle  and  reduced 
downbore  resistance  pressures  to  allow  for  an  increase  in 
downbore  acceleration)  might  well  lead  to  a  more  acceptable 
simulation,  but  little  satisfaction  is  gained  from  such  an 
approach . 


3.2  Future  Plans. 

Efforts  are  continuing  on  techniques  to  evaluate  inbore 
radar  data  to  provide  a  more  detailed  comparison  of  predicted  and 
observed  inbore  trajectories.  From  this  analysis,  we  hope  to 
determine  whether  the  current  disparity  between  theory  and 
experiment  is  caused  primarily  by  the  use  of  incorrect  input  data 
or  whether  there  exists  a  more  fundamental  problem  associated 
with  the  hydrodynamic  description  on  which  the  code  is  based, 
which  manifests  itself  particularly  in  the  high  velocity  regime. 
Simplifications  of  the  propulsion  system,  such  as  elimination  of 
the  combustible  case,  will  be  pursued  in  future  firings.  Some 
improvements  in  instrumentation  will  also  be  sought,  as  all 
pressure  gages  at  the  two  locations  nearest  the  muzzle  were 
destroyed  apparently  by  transverse  motion  of  the  tube  on  nearly 
every  firing.  Finally,  it  is  intended  to  complete  an 
experimental  data  base  in  the  120-mm  tube  for  C/M's  up  to  5, 
probably  a  practical  limit  for  conventional  solid  propellant 
guns,  even  in  hypervelocity  applications. 


4.  CONCLUSIONS 

The  current  study  clearly  demonstrates  that  launch  masses  as 
high  as  3  kg  were  propelled  to  velocities  of  about  2.3  km/s  from 
a  120-mm  gun  tube  operating  at  conventional  pressures. 
Indeed,  velocities  as  high  as  2.5  km/s  could  be  obtained  via 
conventional  solid  propellant  gun  techniques,  albeit  with  a  large 
increase  in  peak  chamber  pressure. 

Simulation  of  this  performance  with  existing  lumped- 
parameter  and  two-phase  flow  interior  ballistic  codes  using 
input  data  bases  reflecting  best  available  values  for  propellant 
themochemistry ,  burning  rates,  and  projectile  bore  resistance 
data  was  not  satisfactory.  The  lumped-parameter  code 
overpredicted  peak  pressure  and  muzzle  velocity  by  13%  and  10% 
respectively,  while  the  two-phase  flow  code  underpredicted  peak 
pressure  by  10%  and  overpredicted  muzzle  velocity  by  3%. 

A  modified  data  base  with  an  increase  in  bore  resistance, 
the  magnitude  of  which  roughly  mimicked  the  pressure-travel 
curve,  led  to  a  significant  improvement,  with  simulations  of  peak 
pressure  and  muzzle  velocity  both  falling  within  1%  of  measured 
values.  Calculations  of  peak  downbore  pressures  were  in 


of  pressurization  and  the  motion  of  the  projectile,  however, 
lagged  reality  by  a  little  over  a  tenth  of  a  millisecond  at  the 
time  of  peak  pressure,  with  the  disparity  approaching  half  a 
millisecond  at  muzzle  exit. 

Resolution  of  the  above  discrepancies  between  theory  and 
experiment  should  be  pursued  to  determine  whether  a  fundamental 
limitation  exists  in  the  hydrodynamic  treatment  in  current  two- 
phase  flow  codes. 
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PROPELLANT  DESCRIPTION  SHEET 


|  REPORTS  CONTROL  5mS0L 

j  EXEMPT-PARA  7-2* 
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COMPOSITION 

PROPELLANT-  JA-2.  19  PERFORATION  STICK 
(  ’’ECIFICATION 


1 0*  LOT  NUMBER 

RAD-PE-792-38 


|  PACKED  AMOUNT 
!  1400  LB 


MEG  AT 
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I  11 
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|  KI  STARCH 
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(134.5*0  ' 
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1 

I  MAX  1 

1  MIN 

1  . 

HIM 

1  MIN  1 

I  MIN 

1 

MIN 

1  AVG  13.08  \ 

i  45+  KIN 

1  30* 

HIM 

1  EXPLOSION 

W 
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TEMPERATURES. f  1  PROCESS 

l 

TIME 

J38fl _ 1  TO  1 

...  _  ! 

DAYS  1 

HOURS 

150  1  1SS  1  CARPET  ROLL  AT  EXTRUSION  1  1 

165  I  165  1  EXTRUSION  OIE  1  I 

102.5  1  107.5  1  ORYING 

1 

1 

32 

1  1  1  1 
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1 
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FORM 

1  CYL. 

CYL . 

METHYLENE  CHLORIOE  SOLUBLES 

1  40.4 

♦/-  3.0  1 

40.14 

NUMBER  OF  PERFS 

1  19 

IS 

C’OSED  BOMB 

!  . 

PROPELLANT  DIMENSIONS  (Inches) 

1 

1  lot  number! 

-_i _ L 

TEMP  *F 

| RELATIVE  | 

I  QUICKNESS  1 

RELATIVE) 

FORCE  I 

1  UNIFORMITY  BY 
j  KEAN  VARIATION.! 

TEST 

1 PE-792-38  1 
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I _ 

1 
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o 
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REMARKS 


* 


2.1 


.irXArLWL  O*  CONTRACTOR  '  S  REPHCSCNFAr IVF 

►  lUf'Vfi  i  4(1. 


'£>,  lit.  ^  $r..  ,  -jjw. 


GNATURE  OF  GOVERNMENT  A55UHANCE  REPRESENT  AT  JVC 


"C  A ...... 


r).  <j 


PROPELLANT  DESCRIPTION  SHEET 


COMPOSitlON 


JA-2  Sheet  Sto 


MCUO  JLMOUN 


RADFORD  ARMY  AMMUNITION  PLANT;  RADFORD.  VA.  | 


••  NITROCELLULOSE 


CONTRACT  HUM* II 


i  •  Tswiittiovnutiou 


SIAAIUTY  (l)«4*C) 


ANUfACTURE  OF  SOLVE  UTLEYS  PROP  IUAKT  - 


«o«uant  coiirasmoN  TESTS  3F  fiHISHEO  PRDFELUHT  :  • 


COMSmuiNT 


RlTROCELLULOSt 


IITROCITCEKIN  I  14.18  |  *1.00 


ITAttUTT  ANO  PHYSICAL  TtSTS 


CICTMT LEN E  SLYCOL  OINITRATE  I  24. IG  |  *1.50 


akaroit  n 


MASHESIUM  0ZI0E 


CRAPH1TE 


■  OISTOIE 


TOTAL 


10  FUMES 


2  — .  7  2  I  fotm  or  mofhiant 


TTfi  o»  fACMNO  C3n;ainc»  FIBER  DRUMS:  5  (?  20  lbs  net 


Chemical  specifications  were  taken  from  DOD-P-63493.  Physical  diaenai 
were  given  in  the  SMCRA-EN  letter  dated  7-30-86.  \'  .  . - 


SIONATUSI  Of  CONUACTOI  I  XAMlilNUTIVI 

i.A.^crUJL 

E.A.  Rivenbark 


icoAFOimo* 


PROPELLANT  DESCRIPTION  SHEET 

I  ICI  KUMlU 


JA-2  Sheet  Stock 


iirutik  CO"i*Ci 

EXEMPT-PARA  ?-2« 
AR  335-15 

-792-29B _ 


|  MUID  AMOUN1 


\mHtM  RADFORD  miY  AMMUNITION  PUNT,  RADFORD.  VA.  |C(WT,ACT  "UM,W  dma09.86^2_o0q7 


NITROCELLULOSE 


ACCifllS  IUNO  NUMtUl 


•WttOOIN  CON  TIM  t  I  Kl  STAICN  flAMUTY  11)4.1*0 
141  J*C) 


5  mmJkin  _ nun 

*  -4^4-  min  304  MM 

ixnonoN  mi 


MANUFACTURE  OF  SOLVSKTirSS  PSOPtUAKT 


_ hictwtaoi  iimh  to  wHQu  None  — 

PROCESS*-  DRYING  /  J '  •  -  ' 


BATS  I  HQUlS 


PtOHUANT  COMfOSmON 


TESTS  DF  fmiSHEO  FRDPELtAJIT 


fTAaiurr  ano  physical  tuts 


COMfTITUINf  | 

P*R*iA 15 
•0**ULA 

i 

1  TOIManCI 

_L 

— 7TITIST - 

«m*su*id 

1  rtm 

rOtMUU  (  ACTUAL 

RITIQCmULOSi  T 

53.10 

1  -2.00 

1 

S9.01 

*  NUT 

NoCC  40'  IN0CX6O+’ 

■ITID61TCERIN  1 

14.10 

1  it. 00 

1 

15.49 

1  10  TOMES 

HF  1  hr.  NF  1.  hr^ 

DIETKTIEME  SLTCOL  01  NITRATE  I 

74. 1C 

1  ±1.50 

x 

24.72 

1  roiM  of  t iomuant 

IMROlf  E  f 

0.70 

H  ±oT“ 

1 

0.71 

1  'TAIIANI 

11.0  Hi  /BB  (\ 

UASHESIUM  0 1 1 0 E  | 

0.05 

mi. 

1 

0.04 

1 

licit  jllflCmol  \ 

SR  A  T  MI  TE  I 

1.05 

Hit. 

1 

0.03 

I0E 

1120.  Dtji  |  \ 

M0IST8IE  1 

0.5 

±o.J 

_!_ 

.0.27 

_  j  "  \ 

TOTAL  | 

IOO 

100 

I 

100.00 

m  S  C  MS  IT  T 

1.568  Bil.  |  \ 

1 

i 

COMMESSIOIUTT 

CiiiSEO  5 CMS 


f nQ3i.lLANT  OlMcNSIONS  itrcnes' 


1""  v  1 _ 1 _ - _ ! _ 

TIIAMETEIt  r'"J*4gfKAnCN 

Dll 

Pini$h0  ! 

1MC-  1  ACTJ41 

"v.  II  1  UNSTMIl!  I  - -  1  i 

1 

1  1  1  oiAMim  ibi  1  1 

1 

I  S.  .  1  1  -t  ..  -"W.DI4WI  |  j 

HAND  A  to  1  1  1  1  too.  00C 

iOTT 

f»«tD  10-2-86 

| 

J  .AMPl‘3  •;  A_1  .  O  A  1 

t 

.ST  FINISH tO 

1 

10-10- 86 

LB  | 

ohul; 

OiW  I 

0UC4tf*TtON  SHUTS 

\ 

1 

13  Nor  36 

rrfi  of  fACWNC  ccntainu  FIBER  DRUMS:  5  (?  20 

Lbs  net. 

ti-**'}  chemjcai  specifications  were  takei 
'  were  given  in  the  SMCRA-EN  letter 

i  from  DOD-P-63493. 
dated  7-30-86. 

75  - 

Physical  dimensions  ■ 

L  /  N 

’  W 

UOMAftiM  Of  CONtlACTOl  t  11/iillNIAflvl 

£  A  .£tUUr6a*jL 
E.A.  Rlvenbark 

ARRCOM  FORM  214P-  'UG  77 


SVUNMINt  OUALfTT  AUUlANCi  UPU*«NlATIV»  /  fZk  M 

k  l  ‘  .  .  I  *  *\ 


Intentionally  left  blank. 
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APPENDIX  B  -  Plots  of  Breech  Pressure  (Solid  Line) , 
Forward  Chamber  Pressure  (Dashed  Line),  and 
Pressure  Difference  Verus  Time 
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Intentionally  left  slanx. 
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DELTA  PL  (MPA)  P1L.  P3L  &  DELTA  PL 


30 


P1L.  P3L  4  DELTA  PL  (MPA) 


659 


FIRST  PHASE  TESTING.  ROUND  NUMBER  5 
CHARGE  HEIGHT,  9.319  KG 


SECOND  PHASE  TESTING.  CHARGE  NUMBER  2 
CHARGE  HEIGHT,  9.982  KG 


APPENDIX  C 


-  XNOVAKTC  Inputs  for  Simulations 
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Intentionally  left  blank. 
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ttivtl'l  W/AIR  SMOCK  22* 

TTSfTtT  1  110  10 

23  3500  0  3300  0  00.001 


10.0 

246.9 

0.0001 

2.0 

6 

9  6 

6  0 

0  1  i 

0 

529. 

14.7 

28.896 

1.4 

529.0 

JA2  199  LOT  792-38 

0.75 

21.8 

•90.561  0.036  1.5 

19. 

41754. 

1.0 

41754. 

6000. 

0.015 

0.373 

100000. 

.0277 

.0001345 

.6 

20372433 

.  24.6226 

1.2268 

26.98 

9967547. 

30.93 

1.221 

23.00 

0. 

.00025 

.00525 

.0055 

.00725 

0.0 

0.74 

0.75 

12.0 

0. 

0. 

0.0 

0.0 

50. 

50. 

0.00 

0.00 

50. 

50. 

0.00 

0.00 

0. 

0. 

0.0 

0.0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

18.8 

3.0 

23.37 

2.36 

208.35 

2.36 

21.8 

100. 

22. 

100. 

40. 

100. 

208.35 

100. 

7.77 

0.0228 

.7 

3.75 

19. 

30. 

41. 

0 

2  0 

0 

2 

4 

0.0 

0.145 

18.0 

0.145 

0.0295 

14.7 

0.0455 

11000. 

2 

0 

10000. 

0.000131 

1.301 

100000. 

0.0 

800. 

0.0277 

0.0001345 

9300000. 

22.39 

1.258 

0 

0  1 

0  6 

1  0 

25  0.001 

4.72 

21.8 

6.8 

0. 

1.2 

30. 

25. 

10000000. 

0 

0 

0. 

1. 

1. 

0. 

100. 

0.2 

100. 

16.2 

5500. 

186.55 

2000. 

1.4 

14.7 

529. 

28.896 

0.05 

0.01 

0.0001 

0.0001 

!  0 

0  0 

8 

22. 

.05763 

/ 

.5 

i 

/ 

.0015314 

0.838  0.0 

800. 

.0056 

.00575 

.006 

.00625 

12.1 

21.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0. 

0. 

0. 

0. 

0. 

0.0 

0.0 

0.0 

0.0 

21.8 

2.36 

22.96 

2.36 

22.5 

1000. 

23.1 

100. 

60. 

90. 

120. 

19. 

0.0497 

25000. 

0.0548 

100000 

3.95 

0.1761 

0.999 

0. 

0.0572 

0.000001 

100. 

100. 

0.7 

2000. 

1.3 

4000 

XNOVAKTG  VERSION  NUMKR  1.004 


CONTROL  DATA 


LOGICAL  VARIABLES: 

MINT  T  DISK  MUTE  F  DISK  READ  f 

|.«.  TABLE  T  FLAME  TABLE  T  PRESSURE  TABLETS)  T 

EROSIVE  EFFECT  0  WALL  TEMPERATURE  CALCULATION  0 

BED  PRECOMPRESSEO  0 

NEAT  LOSS  CALCULATION  I 

SORE  RESISTANCE  FUNCTION  1 

SOLID  TRAVELING  CHARGE  OPTION  (O-NO.I-VES)  1 

EXPLICIT  COMPACTION  MAVE(0«NO; 1-YES)  0 

CONSERVATIVE  SCHEME  TO  INTEGRATE  SOL 10-PHASE  CONTINUITY  EQUATION  (O-MO.OLD;  1-YES, NEU)  0 
KINETICS  MOOE  (0«NONE;1 -CAS -PHASE  ONLY;2«BOTH  PHASES)  0 
TANK  OBI  OPTION  (0«NO,1>YES)  1 

INPUT  ECHO  OPTION  0 

FORWARD  BOUNDARY  CONDITION  (0-CLOSED;1-CP€N;2-ROCKET>  0 


LIQUID  TRAVELING  CHARGE  OPTION(0«NO, 1-YES)  0 

GRAIN  FRACTURE  OPTION(0-NO;1«VES)  0 

GRAIN  FRACTURE  DATA  BASED  ON  INTRINSIC  AVERAGE  STRESS 

(O-NO; 1-YES)  0 

INTEGRATION  PARAMETERS 

NUMBER  OF  STATIONS  AT  WHICH  OATA  AXE  STOREO  25 

NUMBER  OF  STEPS  BEFORE  LOGOUT  5SOO 

TINE  STEP  FOR  DISK  START  0 

NUMBER  OF  STEPS  FOR  TERMINATION  3500 

TINE  INTERVAL  BEFORE  LOGOUT(SEC)  0.1000E-02 

TINE  FOR  TERMINATION  <SEC)  10.00 

PROJECTILE  TRAVEL  FOR  TERMINATION  (INS)  246.90 

MAXIMUM  TIME  STEP  (SEC)  0.1000E-03 

STABILITY  SAFETY  FACTOR  2.00 

SOURCE  STABILITY  FACTOR  0.0500 

SPATIAL  RESOLUTION  FACTOR  0.0100 

TINe  INTERVAL  FOR  I.B.  TABLE  STORAGE(SEC)  0.1000E-03 

TIME  INTERVAL  FOR  PRESSURE  TABLE  STORAGE  (SEC)  0.1000E-03 

FILE  COUNTERS 

NUMBER  OF  STATIONS  TO  SPECIFY  TUBE  RADIUS  6 

NUMBER  OF  TINES  TO  SPECIFY  PRIMER  DISCHARGE  9 

NUMBER  OF  POSITIONS  TO  SPECIFY  PRIMER  DISCHARGE  6 

NUMBER  OF  ENTRIES  IN  SORE  RESISTANCE  TABLE  6 

number  of  entries  in  wall  temperature  table  0 

NUMBER  up  ENTRIES  IN  FORWARD  FILLER  ELEMENT  TABLE  0 

NUMBER  OF  TYPES  OF  PROPELLANTS  1 

NUMBER  OF  BURN  RATE  OATA  SETS  2 

NUMBER  OF  ENTRIES  IN  VOID  FRACTION  TABLE(S)  000 

NUMBER  OF  ENTRIES  IN  PRESSURE  HISTORY  TABLES  8 

NUMBER  OF  ENTRIES  IN  REAR  FILLER  ELEMENT  TABLE  0 

GENERAL  PROPERTIES  OF  INITIAL  AMBIENT  GAS 
INITIAL  TEMPERATURE  (OEO.R)  529.0 
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INITIAL  PRESSURE  (PSI)  H.7 

MOLECULAR  WEIGHT  (LEN/LMOL)  28.896 

RATIO  OF  SPECIFIC  MEATS  1.6000 

GENERAL  PROPERTIES  OF  PROPELLANT  SO 

INITIAL  TEMPERATURE  (DEG.R)  529.0 

MINIMUM  IMPACT  VELOCITY  FOR  EXPLICIT  COMPACTION  WAVE 

(IN/SEC)  100000000. 


PROPERTIES  OF  PROPELLANT  1 


PROPELLANT  TYPE 
MASS  OF  PROPELLANT  (LBN) 

DENSITY  OF  PROPELLANT  (LBM/INM3) 

FORM  FUNCTION  INDICATOR 
OUTSIOE  DIAMETER  (INS) 

INSIOE  DIAMETER  (INS) 

LENGTH  (INS) 

NUMGER  OF  PERFORATIONS 
SLOT  WIDTH  (NFORM-11)  OR  SCROLL  OIA 
PROPELLANT  STACKED  (0*N0f 1"YES) 

ATTACHMENT  CONDITION  (0»FREE , 1 ■ATTACHED  TO  TUSE, 

2*ATT ACHED  TO  PROJECTILE) 

BOND  STRENGTH  (LSF)  (N.S.  ZERO  DEFAULTS  TO  INFINITY) 
CRAIN  INHISITEO  ON  OUTER  SURFACE  «MM,1*YCS)  0 


JA2  19P  LOT  792*38 
22.0000 
0.0576 
9 

0.5610 

0.0360 

1.5000 

t9. 


(NFORMsIS)  (INS) 


0.0000 


0 

0.000000 


RHEOLOGICAL  PROPERTIES 

SPEED  OF  COMPRESSION  WAVE  IN  SETTLED  SED  (IN/SEC)  61756. 


SETTLING  POROSITY  1.0000 
SPEEO  OF  EXPANSION  WAVE  (IN/SEC)  61756. 
POISSON  RATIO  (•)  0.5000 

SOLID  PHASE  THERMOCHEMISTRY 

MAXIMUM  PRESSURE  FOR  SURN  RATE  DATA  (LSF/IN**2)  6000. 
BURNING  RATE  PRC -EXPONENTIAL  FACTOR 

(IN/SEC/PS I **SN)  0.1500C-01 
BURNING  RATE  EXPONENT  0.5750 
MAXIMUM  PRESSURE  FOR  BURN  RATE  OATA  (LBF/IN**2)  100000. 
BURNING  RATE  PRE-EXPONENTIAL  FACTOR 

(IN/SEC/PSI**BN)  0.1531E-02 
BURNINO  RATE  EXPONENT  0.8380 
BURNING  RATE  CONSTANT  (IN/SEC)  0.0000 
IGNITION  TEMPERATURE  (DEG.R)  800.0 
THERMAL  CONDUCTIVITY  (LBF/SEC/DEO.R)  0.2770C-01 
THERMAL  0IFFUS1VITY  (IN**2/SEC)  0.1365E-03 
EMI  SSI  VI TY  FACTOR  0.600 
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GAS  PHASC  TNERNOCHENISTRY  . 

CHEMICAL  ENERGY  RELEASED  IN  HURNINGUif-lN/LIM)  .EOSTEMi 
MOLECULAR  MIGHT  (LM/IIMOU  2G.8226 
RATIO  Of  SPECIFIC  HEATS  1.22M 
COVOUMC  26.9600 


LOCATION  Of  PACKAGE(S) 

PACKAGE  LETT  IOOY(IM8>  RIGHT  SDOYUNS) 
1  0.7S0  21.800 


NASS(LBM)  INNER  RADIUS(IN)  OUTER  RAOIUS(IN) 

22.000  0.000  0.000 


properties  or  primer 

CHEMICAL  ENERGY  RELEASED  IN  NURNlNGUSf-lN/LM)  0.9968E+07 
MOLECULAR  HEIGHT  (LBH/LSMOL)  30.9300 
RATIO  Of  SPECIfIC  HEATS  1.2210 
SPECIfIC  VOLUME  Of  SOLID! 1N**3/L0M)  23.0000 


PRIMER  DISCHARGE  fUNCTION  (LRN/tN/SEC) 


POS.(INS)  0.00 
TIME(SEC) 

0.74 

0.75 

12.00 

12.10  21.30 

0.000 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

O.2SOE-O0  $0.00 

50.00 

0.00 

0.00 

0.00 

0.00 

0.52SE-02 

$0.00 

50.00 

0.00 

0.00 

0.00 

0.00 

0.550E-02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.M0E-02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.575E-02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.600E-02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.625E-02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.725E-02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

PARAMETERS  TO  SPECIFY  TU3E  GEi 

DISTANCE(IN) 

RADIUS(IN) 

0.000 

3.000 

18.800 

3.000 

21.800 

2.360 

22.960 

2.360 

23.370 

2.360 

208.350 

2.360 

SORE  RESISTANCE  TABLE 

POSITION! INS)  RES I STANCE (PS I) 
21.800  100. 

22.000  100. 

22. $00  1000. 
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23.100 

100 

40.000 

100 

208.350 

100 

THERMAL  PROPERTIES  Of  TORE 


THERMAL  CONDUCT I VI TY  (LBF/SEC/DEG.R)  7.770 

THERMAL  DIFfUSIVlTY  (IN**2/SEC)  0.2280E-01 

EMISSIVITT  FACTOR  0.700 

INITIAL  TEMPERATURE  (OEG.R)  529.00 


PROJECTILE  AND  RIFLING  OATA 


INITIAL  POSITION  OF  BASE  OF  PROJECTILE! INS)  0.000 
NASS  OF  PROJECTILE  (LBN)  0.000 
POLAR  MOMENT  OF  INERTIA  (LBM-IN--2)  0.000 
ANGLE  OF  RIFLING  (DEG)  0.000 


POSITIONS  FOR  PRESSURE  TABLE  STORAGE 

3.7500  19.0000  30.0000  41.0000  60.0000  90.0000  120.0000  19.0000 

LOCATION  RELATIVE  TO  TUBE  (0)  OR  REAR  OF  AFTERBODY  (1> 

00000000 


TANK  GUN  OPTION  OATA 


NUMBER  OF  OATA  TO  DESCRIBE  AFTERBODY  0 

TUBE  SURFACE  SOURCE  (O-NONE, 1 "TABULAR, 2-MOOEl ED)  2 

CENTERLINE  SOURCE  (O-NONE, 1-TASUUW,2-MOOELED)  0 

AFTERBODY  SURFACE  SOURCE  (O-NONE, 1-TA8UIAR,2-MOOELED)  0 

NLM8ER  OF  ENDUALL  OATA  SETS  0 

NUWER  OF  PERMEABILITY  OATA  SETS  0 

NUMBER  OF  REACTIVITY  DATA  SETS  0 

NUMBER  OF  SEGMENTS  ON  TUBE  SURFACE  SOLUCE  1 

NUMBER  OF  SEGMENTS  ON  CENTERLINE  SURFACE  SOURCE  0 

NUMBER  OF  SEGMENTS  ON  AFTERBOOY  SURFACE  SOURCE  0 

CONTROL  CHARGE  PRESENT  (0-N0;1-YES)  0 

NUMBER  OF  DATA  TO  DEFINE  EXTERNAL  GEOMETRY  OF 

CONTROL  CHARGE  CHAMBER  0 

CONTROL  CHARGE  DETERRED  (O-NO; 1-YES)  0 


DESCRIPTION  OF  TUBE  SURFACE  SOURCE 


NUMBER  OF  OATA  TO  DESCRIBE  THICKNESS  OF  LAYER  2 
NUMBER  OF  OATA  TO  DESCRIBE  DENSITY  OF  SEGMENT  1  4 
RIMER  OF  DATA  TO  DESCRIBE  DENSITY  OF  SEGMENT  2  0 
NUMBER  OF  OATA  TO  DESCRIBE  DENSITY  OF  SEGMENT  3  0 
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tn loons  os  reactivi  um 


AXUL  POS.CN)  THIOOIESSUN)  KQMENT 

0.000  0.145  1 

18.000  0.145  1 

DENSITY  OF  REACTIVE  UVU 

0ENSITY<LBN/IN**3>  PRESSURE  (PSD 


0.0295 

15 

0.0455 

11000 

0.0497 

25000 

0.0548 

100000 

NUMKR  OF  DATA  TO  0ESCRIK  IURN  RATE 


2 


SUM  RATE  DATA 


MAX.PRESS(PSt)  COEFF<IN/KC/PSI**BN>  EXPONENT 

10000.  0.13100E-03  1.3010 

100000.  3.9500  0.1761 

URN  RATE  AOOITIVC  CONSTANT  (1N/KC)  0.0000 

IGNITION  TEMPERA TUNC  (R)  800.0 

THUMAL  CONDUCTIVITY  (LiF/SEC/R)  0.27708*01 

THERMAL  OIFFUSIVITY  UN«*2/KC)  0.1345E-03 

OHSSIVITT  FACTOR!*)  0.000 


CHEMICAL  ENERGY  (LIF-IN/LRM)  .93000M7 
MOLECULAR  WEIGHT  (LOM/LBNOL)  22.3900 
RATtO  OF  SPECIFIC  HEATS  {•)  1.2580 


T.C.  CONTROL  DATA 


IDEAL  BURN  RATE  LAW  0 
CONTINUUM  MODEL  OF  UNREACTED  PROPELLANT  0 
NUMKR  OF  PROPELLANTS  1 
PROPELLANT  WALL  FRICTION  PARAMETER  0 
NUMKR  OF  ENTRIES  IN  PROJECTILE  BORE 

KSISTANCE  TABLE  6 
INDICATOR  FOR  AIR  KSISTANCE  1 
NUMKR  OF  ENTRIES  IN  OBTURATOR  FRICTION 

TABLE  0 
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INTEGRATION  PARAMETERS 


MAXIMUM  NLMBEt  OR  ICSH  MINTS 
MINIMUM  MESN  SIZE  (IN) 


PROJ.  AND  TRAV.  CHARGE  PROPERTIES 

T.C.  01AMETER  (IN) 

INITIAL  POSITION  Of  REAR  PACE  Of 
PROPELLANT  (IN) 

PROJECTILE  NASS  (LSM) 

CHARGE  NASS  (LSM) 

MAXIMUM  PRESSURE  IN  UNREACTED  PROPELLANT 
(PSD,  If  IDEALS 

MAXIMUM  MACH  NUNSER  Of  REACTION  PRODUCTS 
MAX  I  MM  ACCCLORATION  Of  PROJECT  lLE(GRAV) 


RATIO  Of  SPECIfIC  HEATS  Of  AIR  (-) 
PRESSURE  Of  AIR  IN  BARREL  (PSD 
TEMPERATURE  Of  AIR  IN  BARREL  (OEG.R) 
MOLECULAR  HEIGHT  Of  AIR  IN  BARREL 
(LBM/LBMOL) 


RESISTIVE  PRESSURE  DUE  TO  OBTURATOR 


TRAVEL 

RESISTIVE  PRESSURE 

(IN) 

(PSD 

0.000 

100. 

0.200 

100. 

0.700 

2000. 

1.300 

4000. 

18.200 

5500. 

186.550 

2000. 

PROPERTIES  Of  PROPELLANT  NUMBER 


RATIO  OP  SPECIfIC  HEATS  (•) 

COVOLUME  (IN**3/LBM) 

MOLECULAR  WIGHT  (LBM/LBMOL) 

CHEMICAL  ENERGY  Of  PROPELLANT  (LBf-IN/LSM) 
OENSITY  Of  PROPELLANT  (LBN/IN**3) 

INITIAL  MASS  (LBN) 

IGNITION  DELAY  (NSEC) 

DELAY  fOR  TRANS.  TO  PULL  BURN  RATE  (NSEC) 
BURNING  RATE  ADOITIVE  CONSTANT  (IN/SEC) 
BURNING  RATE  PRE-EXPONENTIAL  PACTOR 
(IN/SEC-PSI**BN) 

BURNING  RATE  EXPONENT  (•) 

TC  GRAIN  LENGTH  (IN) 


2S 

0.001 


4.720 

21.800 

6.80000 

0.000 

0. 

0.999 

0. 


1.4000 

14.700 

529.0 

28.8960 


1 


1.200 

30.000 

25.000 

10000000. 

0.0572 

0.0000 

100.000 

100.000 

0.0000 

1.000000 

1.0000 

0.000 
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LENGTH  BRUCH  TO  PROJECTILE  MR  (IN) 


21.800 


BURN  RATE  FORMAT  <0«EXP;1«TA8ULAR>  0 

•URN  RATE  DEPENDENCE  <0«PRE8;1«STRSSS>  0 


VARIABLE  BURN  RATE  DATA 
STEP  INTERCEPT  COEFFICIENT  EXPONENT  2 
1  0.000  1.00000  1.0000  0.0000 

SETTLING  POROSITY  AT  REFERENCE  COMPOSITION  NAS  BEEN  DEFAULTED  TO 
TO  AVOID  INITIAL  BED  COMPACTION  OF  PROPELLANT  TYPE  1 


EQUIVALENT  INTBAL  DATA 


PROJECTILE  TRAVEL(IN) 
CHAMBER  VOLUNE(IN**3> 
GUN  MASS(LBM) 

GUN  RES.  FAC. 

ELEV.  ANGLE(DEG) 
PROJECTILE  NASS(LBM) 


PROJECTILE  TRAV.  (IN) 

0.000 

0.200 

0.700 

1.300 

18.200 

186.3S0 


240.900 

599.572 

0.100E+21 

0.000 

0.000 

0.000 


RES!STAMCE(PSI ) 

100.000 

100.000 

1000.000 

100.000 

100.000 

100.000 


VEL.  THRESHOLD  FOR  OYN.  RES.(F/S)  27.000 

VEL.  DEPENDENCE  ON  CHARGE  UEIGHT(F,S/L8N)  0.000 

ESTIMATED  NUZZLE  VEL0CITY(F/S)  0.000 

N.B.  USE  VALUE  FROM  SUMtARY  TABLE.  INTBAL  WILL  NOT  ACCEPT  ZERO 


BORE  AREA(IN**2) 

AIR  0ENS1TY(LBM/FTM3) 
IGNITER  MASS(LBN) 

FLAME  TENPERATURE(K) 

RATIO  OF  SPECIFIC  HEATS(») 
INPETUSUBF*  IN/LBN) 


17.497 

0.000 

0.1477 

2040.535 

1.2210 

2202827.9 


INITIAL  CHARGE  MEIOHT(LBM)  22.000 
FINAL  CHARGE  WEIGHT (LIN)  22.000 
CHARGE  WEIGHT  INCREMENT (LBN)  1.000 
FLAME  TEMPERATURE(K)  3434.921 


0.28187 
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ratio  or  metric  niats<*> 
impetus! l«f-in/lim> 

INITIAL  TCNPfRATUM(K) 

DEN81TY!L8M/IN**3> 

COVOLUME! I N**3/LIM) 

coeff<in/s/p8i**n>  exponent-)  umi  mt 

0.15006*01  0.5750 

0.15516*02  0.8350 


LENGTH  07  GRAIN(IN) 

EXTERNAL  DIAMETER(IN) 

CENTER  PERF.  DIAMETER! IN) 

OUTER  PERF.  DIAMETER! IN) 

DIET.  K TWEEN  PERF.  CENTERS! IN) 
OFFSET! IN) 

ANGLE!0EC) 


INTEGRATION  STEPIMSEC) 
PRINT  STEPIMSEC) 


1.2266 

4620467.6 

293.0 

0.05763 

26.960 

.  LIM.  (P«I) 

6000. 

0.10006*06 


1.5000 

0.5610 

0.0360 

0.0360 

0.1492 

0.0000 

0.0000 


0.2500 

1.0000 
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Intentionally  left  blank. 
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No  Of  No  Of 

Cortoe  Organization  Sfrtfttl  OTMrtMtton 


2  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria.  VA  22304-6145 

1  HGDA  (SARD-TR) 

WASH  DC  20310-0001 

1  Commander 

US  Army  Materiel  Command 
ATTN:  AMCDRA-ST 
5001  Eisenhower  Avenue 
Alexandria.  VA  22333-0001 


i  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RD-CS-K  (DOC) 

Redstone  Arsenal,  AL  35899-5010 

1  Commander 

US  Army  Tank- Automotive  Command 
ATTN:  AMSTA-TSL  (Technical  Library) 
Warren.  Ml  48397-5000 

1  Director  > 

US  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-WSR 

White  Sands  Missile  Range.  NM  88002-5502 


1  Commander 

US  Army  Laboratory  Command 
ATTN:  AMSLC-DL 
Adelphi,  MD  2C783-1145 


(cum.  on»y)  i  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH-CD  (Security  Mgr.) 
Port  Banning,  GA  31905-5660 


2  Commander 

US  Army,  ARDEC 

ATTN:  SMCAR-IMt-l 

Picatinny  Arsenal.  NJ  07806-5000 


<uneu«.  only)  i  Commandant 

US  Army  Infantry  School 
ATTN.  ATSH-CD-CSO-OR 
Fort  Banning,  GA  31905-5660 


2  Commander 

US  Army,  ARDEC 

ATTN:  SMCAR-TDC 

Picatinny  Arsenal,  NJ  07806-5000 

1  Director 

Be  net  Weapons  Laboratory 
US  Army,  ARDEC 
ATTN:  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050 

1  Commander 

US  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR-ESP-L 
Rock  Island,  IL  61299-5000 

1  Director 

US  Army  Aviation  Research 
and  Technology  Activity 
ATTN:  SAVRT-R  (Library) 

M/S  219-3 

Ames  Research  Center 
Moffett  Field,  CA  94035-1000 


1  Air  Force  Armament  Laboratory 
ATTN:  AFATUDLODL 

Egiin  AFB,  FL  32542-5000 

Aberdeen  Prcytnfl  Qrwnd 

2  Dir,  USAMSAA 

ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 
1  Cdr.  USATECOM 

ATTN:  AMSTE-TD 

3  Cdr.  CRDEC,  AMCCOM 

ATTN:  SMCCR-RSP-A 
3MCCR-MU 
SMCCR-MSI 

1  Dir,  VLAMO 

ATTN:  AMSLC-VL-D 
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NO.  01 

Copies  Organization 

1  Commander 

USA  Concepts  Analysis  Agency 
ATTN;  0.  Hartfson 
8120  Woodmont  Avenue 
Bethesda,  MD  20014-2797 

1  CIA. 

01  RyDB/Standard 
Washington,  DC  20505 

1  US  Army  Ballistic  Missile 

Defense  Systems  Command 
Advanced  Technology  Center 
P.O.  Box  1500 
Huntsville,  AL  35807-3801 

1  Chairman 

DoD  Explosives  Safety  Board 
Room  856-C 
Hoffman  Bldg.  1 
2461  Eisenhower  Avenue 
Alexandria,  VA  22331-0800 

1  Commander 

US  Army  Materiel  Command 
ATTN:  AMCPM-GCM-WF 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333-5001 

1  Commandor 

US  Army  Materiel  Command 
ATTN:  AMCDE-DW 
5001  Bsenhower  Avenue 
Alexandria,  VA  22333-5001 

3  Project  Manager 

Autonomous  Precision-Guided 
Munition  (APGM) 

US  Army,  ARDEC 
ATTN:  AMCPM-CW 
AMCPM-CWW 

AMCPM-CWA-S,  R.  DeKleine 
Picatinny  Arsenal,  NJ  07806-5000 

2  Project  Manager 

Production  Base  Modernization  Agency 
ATTN:  AMSMC-PBM,  A.  Siklosi 

AMSMC-PBM-E,  L.  Laibson 
Picatinny  Arsenal,  NJ  07806-5000 


No.  Of 

Copies  Organization 

3  PEO-Armamente 
Project  Manger 

Tank  Main  Armament  Systems 
ATTN:  AMCPM-TMA,  K.  RuSSell 
AMCPM-TM  A-1 05 
AMCPM-TMA-120,  C.  Roller 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

US  Army,  ARDEC 

ATTN:  SMCAR-AEE 

Picatinny  Arsenal,  NJ  07806-5000 

13  Commander 

US  Army,  ARDEC 
ATTN:  SMCAR-AEE-B, 

A.  Beardell 
S.  Bernstein 
P.  Bostonian 

B.  Brodman 

R.  Cirindone 
D.  Downs 

S.  Einstein 

A.  Grabowsky 
P.  Hui 
J.  O’Reilly 
N.  Ross 
J.  RutkowskJ 
S.  Westley 

Picatinny  Arsenal,  NJ  07806-5000 

2  Commander 

US  Army,  ARDEC 
ATTN:  SMCAR-AES,  S.  Kaplowitz 
D.  Spring 

Picatinny  Arsenal,  NJ  07806-5000 

2  Commander 

US  Army,  ARDEC 
ATTN:  SMCAR-HFM,  E.  Barrleres 
SMCAR-CCH-V,  C.  Mandala 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

US  Army,  ARDEC 

ATTN:  SMCAR-FSA-T,  M.  Salsbury 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander,  USACECOM 
R&D  Technical  Library 
ATTN:  ASQNC-ELC-I-T,  Myer  Center 
Fort  Monmouth,  NJ  07703-5301 


No.  Of 

Sgpiss  Qraapiifliton 

1  Commander 

US  Army  Harry  Diamond  Laboratories 
ATTN:  StCHD-TA-L 
2800  Powder  Miff  ,*W 
Adelphi,  MP  -i  3 

1  Command; 

US  Army  A  r  -  sctv  ;i 
ATTN:  Avial  ,f>.  w  2°  *  -i 
Port  Rucker,  A1  36360 

1  Project  Manager 

US  Army  Tank- Automotive  Command 
Improved  TOW  Vehicle 
ATTN:  AMCPM-ITV 
Warren,  Ml  48397-5000 

2  Program  Manager 

US  Army  Tank- Automotive  Command 
ATTN:  AMCPM-ABMS,  T.  Dean  (2  eye) 
Warren,  Ml  48092-2498 

1  Project  Manager 

US  Army  Tank- Automotive  Command 
Fighting  Vehicle  Systems 
ATTN:  AMCPM-BFVS 
Warren,  Ml  48092-2498 

1  President 

US  Army  Armor  and  Engineer  Board 

ATTN:  ATZK-AD-S 

Fort  Knox.  KY  40121-5200 

1  Project  Manager 

US  Army  Tank-Automotive  Command 
M-60  Tank  Development 
ATTN:  AMCPM-ABMS 
Warren,  Ml  48092-2498 

1  Director 

HO.  TRAC  RPD 

ATTN:  ATCD-MA 

Fort  Monroe,  VA  23651-5143 

2  Director 

US  Army  Materials  Technology 
Laboratory 

ATTN:  SLCMT-ATL  (2  cys) 

Watertown,  MA  02172-0001 


No.  Of 

Copies  Organization 

1  Commander 

US  Army  Research  Office 
ATTN:  Technical  Library 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221 1 

1  Commander 

US  Army  Belvoir  Research  and 
Development  Center 
ATTN:  STRBE-WC 
Fort  Belvoir,  VA  22060-5006 

1  Director 

US  Army  TRAC-Ft.  Lee 
ATTN:  ATRC-L,  Mr.  Cameron 
Fort  Lee,  VA  23801-6140 

1  Commandant 

US  Army  Command  and  General 
Staff  College 

Fort  Leavenworth,  KS  66027 

1  Commandant 

US  Army  Special  Warfare  School 
ATTN:  Rev  and  Tmg  Lit  Dlv 
Fort  Bragg,  NC  28307 

3  Commander 

Radford  Army  Ammunition  Plant 
ATTN:  SMCAR-QA/HI  LIB  (3  cys) 
Radford,  VA  24141-0298 

1  Commander 

US  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AMXST-MC-3 
220  Seventh  Street,  NE 
Charlottesville.  VA  22901-5396 

2  Commander 

Naval  Sea  Systems  Command 
ATTN:  SEA62R 
SEA  64 

Washington,  DC  20362-5101 

1  Commander 

Naval  Air  Systems  Command 
ATTN:  AIR-954-Technlcal  Library 
Washington,  DC  20360 
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No.  Of 

Copies  Organization 


No.  of 

Copies  Qgaifcgtten 


1  Assistant  Secretary  of  the  Navy 
(R,  E,  and  S) 

ATTN:  R.  Reichenbach 
Room  5E787 
Pentagon  Bldg 
Washington,  DC  20375 

1  Naval  Research  Laboratory 
Technical  Library 
Washington,  DC  20375 

1  Commandant 

US  Army  Command  and  General 
Staff  College 

Fort  Leavenworth,  KS  66027 

2  Commandant 

US  Army  Field  Artillery  Center 
and  School 

ATTN:  ATSF-CO-MW,  E.  Dublisky  (2  cys) 
Fort  Sill,  OK  73503-5600 

1  Office  of  Naval  Research 
ATTN:  Code  473,  R.  S.  Miller 
800  N.  Quincy  Street 
Arlington,  VA  22217-9999 

3  Commandant 

US  Army  Armor  School 

ATTN:  ATZK-CD-MS,  M.  Falkovitch  (3  CyS) 

Armor  Agency 

Fort  Knox.  KY  40121-5215 

2  Commander 

US  Naval  Surface  Warfare  Center 
ATTN:  J.  P.  Consaga 
C.  Gotzmer 

Indian  Head,  MD  20640-5000 

4  Commander 

Naval  Surface  Warfare  Center 
ATTN:  Code  240,  S.  Jacobs 
Code  730 
Code  R-13,  K.  Kim 

R.  Bemecker 

Silver  Spring,  MD  20903-5000 

2  Commanding  Officer 

Naval  Underwater  Systems  Center 
ATTN:  Code  5B331,  R.  S.  Lazar 
Technical  Library 
Newport,  Rl  02840 


5  Commander 

Naval  Surface  Warfare  Center 
ATTN:  code  G33,  J.  L.  East 
W.  Burrell 
J.  Johndrow 
Code  G23,  D  McClure 
Code  DX-21  Technical  Library 
Dahlgren,  VA  22448-5000 

3  Commander 

Naval  Weapons  Center 
ATTN:  Code  388,  C.  F.  Price 
Code  3895,  T.  Parr 
Information  Science  Division 
China  Lake,  CA  93555-6001 

1  OSD/SDIO/IST 

ATTN:  Dr.  H.  Caveny 
Pentagon 

Washington,  DC  20301-7100 

3  Commander 

Naval  Ordnance  Station 
ATTN:  T.  C.  Smith 
D.  Brooks 
Technical  Library 
Indian  Head.  MD  20640-5000 

1  AL/TSTL  (Technical  Library) 

ATTN:  J.  Lamb 

Edwards  AFB,  CA  93523-5000 

1  AFATL/DLYV 

Eglin  AFB.  FL  32542-5000 

1  AFATL/DLXP 

Eglin  AFB,  FL  32542-5000 

1  AFATL/DLJE 

Eglin  AFB,  FL  32542-5000 

1  NASA/Lyndon  B.  Johnson  Space  Center 
ATTN:  NHS-22  Library  Section 
Houston,  TX  77054 

1  AFELM,  The  Rand  Corporation 
ATTN:  Library  D 
1700  Main  Street 
Santa  Monica,  CA  90401-3297 


No.  of 

Cooiy  Organization 

3  AAI  Corporation 
ATTN:  J.  Herbert 
J.  Frankie 
0.  Cleveland 
P.O.  Box  126 

Hunt  Valley,  MD  21030-0126 


No.  Of 

Coola8  Organization 

3  Lawrence  Livermore  National 
Laboratory 

ATTN:  L-355,  A.  Buckingham 
M.  Finger 

L-324.  M.  Constantino 
P.O.  Box  808 
Livermore,  CA  94550*0622 


( 


2  Aerojet  Solid  Propulsion  Company 
ATTN:  P.  MicheR 

L.  Torreyson 
Sacramento,  CA  96813 


Olin  Corporation 
Badger  Army  Ammunition  Plant 
ATTN:  F.  E.  Wolf 
Baraboo,  Wi  53913 


1  Atlantic  Research  Corporation 
ATTN:  M.  King 
5390  Cherokee  Avenue 
Alexandria,  VA  22312-2302 

3  AL/LSCF 

ATTN:  J.  Levine 
L.  Quinn 
T.  Edwards 

Edwards  AFB,  CA  93523-5000 

1  AVCO  Everett  Research  Laboratory 
ATTN:  D.  Stickler 

2385  Revere  Beach  Parkway 
Everett.  MA  02149-5936 

2  Calspan  Corporation 
ATTN:  C.  Murphy  (2  cys) 

P.O.  Box  400 

Buffalo,  NY  14225-0400 

1  General  Electric  Company 

Armament  Systems  Department 
ATTN:  J.  Mandzy 
128  Lakeside  Avenue 
Burlington,  VT  05401-4985 

1  IITRI 

ATTN.  M.  J.  Klein 
10  W.  35th  Street 
Chicago.  IL  60616*3799 

1  Hercules,  Inc. 

Allegheny  Ballistics  Laboratory 
ATTN:  William  B.  Walkup 
P.O.  Box  210 
Rocket  Center,  WV  26726 


2  Olin  Corporation 

Smokeless  Powder  Operation 
ATTN:  E.  J.  Kirschke 
A.  F.  Gonzalez 
P.O.  Box  222 
St.  Marks,  FL  32355-0222 

1  Paul  Gough  Associates,  Inc. 

ATTN:  Dr.  Paul  S.  Gough 
1048  South  Street 
Portsmouth,  NH  03801-5423 

1  Physics  International  Company 

ATTN:  Library.  H.  Wayne  Wampler 

2700  Merced  Street 

San  Leandro,  CA  98457-5802 

1  Princeton  Combustion  Research 

Laboratory,  Inc. 

ATTN:  M.  Summerfield 

475  US  Highway  One 

Monmouth  Junction,  NJ  08852-9650 

2  Rockwell  international 
Rocketdyne  Division 
ATTN:  BA08,  J.E.  Flanagan 

J.  Gray 
6633  Canoga  Avenue 
Canoga  Park,  CA  91303-2703 

3  Thiokol  Corporation 
Huntsville  Division 
ATTN:  D.  Flanigan 

Dr.  John  Deur 
Technical  Library 
Huntsville,  AL  35807 


1  Hercules.  Inc. 

Radford  Army  Ammunition  Plant 
ATTN:  E.  Hibshman 
Radford,  VA  24141-0299 
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2  Thlokol  Corporation 
Elkton  Division 
ATTN:  R.  Biddle 

Technical  Library 
P.O.  Box  241 
Elkton,  MD  21921-0241 

i  Verttay  Technology,  Inc. 

ATTN:  E.  Fisher 

4845  Millersport  Highway 

East  Amherst.  NY  14501-0305 

1  Universal  Propulsion  Company 
ATTN:  H.  J.  McSpadden 
Black  Canyon  Stage  1 
Box  1140 

Phoenix,  AZ  84029 

1  Battelie  Memorial  Institute 

ATTN:  Technical  Library 
505  King  Avenue 
Columbus,  OH  43201-2693 

1  Brigham  Young  University 

Department  of  Chemical  Engineering 
ATTN:  M.  Beckstead 
Provo,  UT  84601 

1  California  Institute  of  Technology 

204  Karman  Laboratory 
Main  Stop  301-46 
ATTN:  F.E.C.  Culick 
1201  E  California  Street 
Pasadena,  CA  S1 109 

1  California  Institute  of  Technology 

Jet  Propulsion  Laboratory 
ATTN:  L.  D.  Strand,  MS  512/102 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109-8099 

1  University  of  Illinois 

Department  of  Mechanical/Industrial 
Engineering 
ATTN:  H.  Krier 

144  MEB;  1206  N.  Green  Street 
Urbana,  IL  61801-2978 

1  University  of  Massachusetts 

Department  of  Mechanical  Engineering 
ATTN:  K.  Jakus 
Amherst,  MA  01002-0014 


1  University  of  Minnesota 

Department  of  Mechanical  Engineering 
ATTN:  E.  Fletcher 
Minneapolis.  MN  55414-3368 

3  Georgia  Institute  of  Technology 

School  of  Aerospace  Engineering 
ATTN:  B.T.  Zim 
E.  Price 
W.C.  Strahle 
Atlanta,  GA  30332 

1  Institute  of  Gas  Technology 

ATTN:  D.  Gidaspow 
3424  S.  State  Street 
Chicago,  IL  60616-3896 

1  Johns  Hopkins  University 

Applied  Physics  Laboratory 
Chemical  Propulsion 
Information  Agency 
ATTN:  T.  Christian 
Johns  Hopkins  Road 
Laurel.  MD  20707-0690 

1  Massachusetts  institute  of  Technology 

Department  of  Mechanical  Engineering 
ATTN:  T.  Toong 
77  Massachusetts  Avenue 
Cambridge,  MA  02139-4307 

1  Pennsylvania  State  University 

Applied  Research  Laboratory 
ATTN:  G.  M.  Faeth 
University  Park,  PA  16802-7501 

1  Pennsylvania  State  University 

Department  of  Mechanical  Engineering 
ATTN:  K  Kuo 

University  Park.  PA  16802-7501 

1  Purdue  University 

School  of  Mechanical  Engineering 
ATTN:  J.  R.  Osborn 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47907-1199 

1  SRI  International 

Propulsion  Sciences  Division 
ATTN:  Technical  Library 
333  Ravenwood  Avenue 
Menlo  Park,  CA  94025-3493 
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1  Rensselaer  Ploytechnic  Institute 
Department  of  Mathematics 
Troy.  NY  12181 

2  Director 

Los  Alamos  Scientific  Laboratory 
ATTN:  T3,  D.  Butler 

M.  Division,  B.  Craig 
P.O.  Box  1663 
LOS  Alamos,  NM  87544 

1  General  Applied  Sciences  Laboratory 
ATTN:  J.  Erdos 
77  Raynor  Avenue 
Ronkonkama,  NY  11779*6649 

t  Battelle  PNL 

ATTN:  Mr.  Mark  Garnich 
P.O.  Box  999 
Richland,  WA  99352 

i  Stevens  institute  of  Technology 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 
Castle  Point  Station 
Hoboken,  NJ  07030-5907 

1  Rutgers  University 

Department  of  Mechanical  and 
Aerospace  Engineering 
ATTN:  S.  Temkin 
University  Heights  Campus 
New  Brunswick,  NJ  08903 

1  University  of  Southern  California 
Mechanical  Engineering  Department 
ATTN:  0HE200,  M.  Gerstein 

Los  Angeles.  CA  90089-5199 

2  University  of  Utah 

Department  of  Chemical  Engineering 
ATTN:  A.  Baer 

G.  Flandro 

Salt  Lake  City,  UT  84112-1194 

1  Washington  State  University 

Department  of  Mechanical  Engineering 
ATTN:  C.  T.  Crowe 
Pullman,  WA  99163-5201 


1  Honeywell,  Inc. 

ATTN:  R.  E.  Tompkins 
MN38-3300 

10400  YeHow  Circle  Drive 
Minnetonka,  MN  55343 

i  Science  Applications.  Inc. 

ATTN:  R.  B.  Edelman 
23146  Cumorah  Crest  Drive 
Woodland  Hills,  CA  91364-3710 

1  Battelle  Columbus  Laboratories 
ATTN:  Mr.  Victor  Levin 
505  King  Avenue 
-Columbus,  OH  43201-2693 

1  Allegheny  Ballistics  Laboratory 
Propulsion  Technology  Department 
Hercules  Aerospace  Company 
ATTN:  Mr.  Thomas  F.  Farabaugh 
P.O.  Box  210 
Rocket  Center,  WV  26726 

1  MBR  Research  Inc. 

ATTN:  Dr.  Moshe  Ben-Reuven 
601  Ewing  St.,  Suite  C-22 
Princeton,  NJ  08540 

Aberdeen  Provina  Ground 

Cdr,  CSTA 

ATTN:  STECS-LI,  R  Hendrickson 
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2.  How,  specifically,  is  the  report  being  used?  (Information  source,  design  data,  procedure, 
source  of  ideas,  etc.) _ 
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